Recently oncogenetic human papilloma virus(HPV) infection has been suggested to promote laryngeal squamous cell carcinoma(LSCC). To determine the prevalence and genotypes of HPV infection in laryngeal cancer specimens, 84 specimens from pathologically confirmed LSCC patients were studied for the presence of viral DNA and possible virus integration into the cellular genome. HPV genotyping was assayed prior to the integration analysis by using two PCR-based assays, including HPV-16 and-18 E7 type-specific and L1 general primers (GP5+/GP6+). Additionally, a quantitative real-time PCR (qRT-PCR) was used to examine the physical status of HPV-16 or-18 in HPV positive LSCC. Using HPV L1 general primer amplification, HPV DNA was detected in 23 (27.4%) of the 84 LSCC samples. When PCR products were cloned and sequenced, HPV16 were found in all 23 L1 positive samples. However, when specific primers for HPV-16 or -18 were used to amplify E6 and E7 in all samples, 29 cases (34.5%) were positive for HPV-16, while 6 cases (7.1%) were positive for HPV 18. Coinfection of HPV-16 and -18 were found in 4 cases (4.8%). In addition, qRT-PCR assay found that HPV-16 was characterized as episomal in 51.7% of cases, mixed (i.e., episomal and integrated) in 34.5%, and integrated in 13.8%, while HPV-18 was similarly characterized as episomal in 83.3% of cases and mixed in 16.7%. In the present study, about 36.9% of patients with LSCC were found to be infected with HPV-16 and -18 and integration of HPV-16 and -18 DNA into the host genome was found.
The etiology of laryngeal squamous cell carcinoma (LSCC), the most common oropharyngeal cancer, is considered to be multifactorial. Two well-known risk factors for developing LSCC are tobacco smoking and alcohol consumption. However, during the past two decades, epidemiologic and biomolecular evidence have indicated that human papillomavirus (HPV) infection, known to cause cervical and other anogenital cancers, may be associated with the development of LSCC and serve as a distinct pathway for the oncogenesis of LSCC. Therefore, at least two distinct possible pathways exist for the carcinogenesis of LSCC, one driven primarily by the mutagenic effects of tobacco and alcohol and the other driven by HPV-mediated transformation [1] .
Some discrepancy exists in the percentage of LSCC harboring HPV and the reported frequencies of HPV infection in LSCC vary over a wide range (3.3%-58.8%) [2] . The possible reasons for this difference could be the result of disparate geographic regions, varying analytic methods, difference in type of specimen and tumor site, as well as the number of cases included. Therefore, it is of interest to investigate the type and the physical state of the HPV viral genome in samples of LSCC.
We have reviewed all published articles detailing the association of HPV infection and laryngeal cancer. Most PCR-based investigations to detect HPV have employed L1 primers that amplify the gene encoding the viral capsid protein. Based on evidence from cervical cancer [3, 4] and our previous data in the carcinogenesis of esophageal cancer [5] , HPV prevalence based on L1 gene detection frequently will be reported lower than a type specific analysis. Two plausible explanations for this may be HPV integration into the human genome and primers stringency affecting sensitivity. However, most studies so far have not analyzed HPV integration in LSCC and no data are available about the HPV physical status and its impact on HPV detection in LSCC. So, in order to definitively evaluate HPV presence in laryngeal cancer and the overall relationship between HPV prevalence and the development of LSCC, the detection of HPV E6 and E7 genes, in addition to the L1 gene, is necessary.
In cervical cancers, it has been shown that the integration of the HPV DNA into the host genome marks the transition from dysplasia to invasive cancer [6.7] ] , yet few studies have been performed to analyze HPV's physical status in LSCC. HPV integration is usually accompanied by disruption of the viral genes, and a portion of the E2 open reading frame (ORF) has been identified as the preferential site of integration as it has been found to be disrupted or deleted more frequently than other sites [8] . Recently, real-time PCR targeting E6 and E2 was shown to reliably characterize HPV DNA's physical state (episomal or integrated) [9, 10] . Therefore, it seemed of interest to investigate whether this succession of events occurring in cervical cancer might also take place during carcinogenesis in the larynx. To this end, the types and the physical state of the viral genome were evaluated in samples of LSCC.
In this study, we first employed a general primer-mediated PCR to investigate the presence and type of HPV in a series of primary LSCC. Next, type-specific HPV detection was employed which, as expected, increased the overall positive rate of HPV. Finally, we analyzed the physical state of HPV-16 and HPV-18 (episomal vs integrated) in LSCC.
Materials and methods
Patients and tumor samples. A total of 84 paraffin-embedded tissue samples of primary laryngeal carcinoma (diagnosed during the period between 2000 and 2008) were obtained from Beijing Cancer Hospital and Shougang Hospital for this study. All tumor specimens were reviewed independently by two pathologists for verification of the diagnosis. The entire study was conducted according to ethical permissions from the Ethical Committee of the Hospital.
Patients' ages ranged from 38 to74 years (median age, 64 years). Sixty-one patients were males (72.6%) and twenty-three were females (27.4%). Tumor staging was done according to TNM classification after histological studies. By histologic analysis on haematoxylin-eosin-stained sections, 36 tumors were graded as well differentiated, 33 as moderately differentiated, and 15 as poorly differentiated/undifferentiated. Special care was taken not to contaminate the samples. Disposable or sterile instruments were used to harvest and store the samples.
DNA extraction. Formalin-fixed, paraffin-embedded samples were cut into 10 μm slices and prepared according to the method previously described [11] . Briefly, paraffin sections were deparaffinized in xylene and rehydrated in graded ethanols, followed by digestion with proteinase K (200ug/ml) at 55 overnight. The presence of DNA was confirmed by PCR with beta-actin (75 bp) to determine that the extracted DNA was amplifiable. Only samples whose beta -actin PCR were positive were considered to have sufficient DNA quality and were therefore used for subsequent analysis. To prevent the carryover of DNA and cross-contamination between samples, a disposable blade was used for each tissue block and replaced with a new blade for the next block.
Detection of HPV and typing. The presence of HPV DNA was evaluated by PCR using GP5+/GP6+ primers (150 bp), a consensus primer set for the HPV L1 gene [12] with minor modification, which incorporates degenerated bases at positions where nucleotides differ among the types, especially close to the 3' end of the primers (table 1) . PCR was performed in a total volume of 25ul containing 1unit of HotStar Taq (QIA-GEN, Hilden, Germany), 0.5uM of each primer, 0.2mM of each dNTP and 10XHotStar Taq PCR buffer as supplied by the enzyme manufacturer (QIAGEN) (contains 1.5mM MgCl2, Tris-Cl, KCl, (NH4) 2 SO 4 pH 8.7). The amplification was carried out with touch down PCR as the optimized program described [13] . As a positive control for amplification, full genomes of HPV-16 and -18 were used (kindly donated by Professor Harald zur Hausen, German Cancer Research Centre, Heidelberg, Germany), and water was used as a template for all negative control. PCR products were visualised on 2% agarose gel with ethidium bromide staining by electrophoresis.
For HPV typing, GP5+/GP6+ amplicons were subsequently cloned into PCR-Blunt vector (Invitrogen, Carls-bad, CA), and at least 10 clones for each sample were sequenced for determination of HPV type. Sequences obtained from the cloned amplicons were compared with sequences available in Genbank using the BLAST program. Classification was done according to the following criteria: (1) if the identity between the query sequence and the closest related papillomavirus sequence in the databank is below 90%, but above 80%, the query sequence is defined as related to the next closest papillomavirus type, and therefore probably defines a putative new papillomavirus type, (2) if identity of the L1 ORF is 90% to 98%, it constitutes a subtype, and (3) if higher than 98%, it is considered a variant of a known papillomavirus type [14] .
In addition, all samples were tested using type specific PCR, including HPV-16 E6, E7 and HPV-18E6. All primer sequences and length of amplified products are shown in table 1.
HPV physical status in LSCC. The integration of HPV-16 and -18 DNA was evaluated using real-time PCR according to the report by Huang et al [7] . Based on the assumption that E2 and E6 gene segments are present in equivalent proportions within each episomal HPV genome and that integrated HPV genome forms would have the E2 target deleted or absent, the integrity of E2 was taken as a marker that HPV had integrated into the host genome. Thus, using the E2/E6 gene copy number ratio, the physical status of the HPV genome for each sample was determined. Viral genomes were regarded as completely integrated when the E2/E6 gene copy number ratio was 0, mixed (both integrated and episomal) form when samples had B. LIU , Z. LU, P. WANG, Z. BASANG, X. RAO an E2/E6 ratio between 0 and 1, and episomal form when the E2/E6 ratio was equal to 1. Real-time PCR was carried out in a 96-well reaction plate format in an ABI Prism 5700 Sequence Detection System (PE Biosystems, Foster City, California, USA). Amplification and quantification of the E2 and E6 genes were carried out simultaneously in separate reaction tubes. All reactions were carried out in triplicate. The sequences of all primers are shown in Table 1 [7] . A standard PCR was carried out in a 25ul reaction volume, SYBR Green containing reaction buffer and 100 nmol of primers for E2 or E6, 10-50 ng of DNA and 1 unit of AmpliTaq DNA polymerase (Applied Biosystems, Foster City, CA). The cycling conditions were 95°C for 10 min, followed by 40 cycles at 95°C for 15 s and 58°C for 15 s. The specificity of each amplification was confirmed by checking the dissociation curve against the expected melting temperature of the amplification product. A standard curve for E6 and for each of the E2 gene targets was obtained by plotting threshold cycle values against 10-fold serial dilutions of plasmids containing the full genome of HPV type 16 and 18, and all samples showed high amplification efficiency. The number of threshold cycles obtained from E2 PCR and E6 PCR was equivalent in each run. Linear plots of the log of copy numbers versus number of threshold cycles were obtained for both genes, and their correlation coefficient was between 0.97 and 1.00 in each run. The slopes of the standard curves indicate that amplification efficiencies of E2 and E6 PCR systems were very similar. The validity of the assay was further confirmed by the accurate determination of the physical status of HPV-16 in SiHa cervical carcinoma cell line, which harbors pure integrated forms of HPV-16 genes.
Statistical analysis. Statistical analysis was performed using SPSS statistical software. The association between HPV presence and other clinical and pathological features was compared using a X 2 test. The statistical relationship was considered as significant if the derived p-value was <0.05.
Results
Human papillomavirus genotyping and prevalence. The GP5+/GP6+ primers were used for PCR amplification. Of the 84 samples tested, 23 (27.4%) were positive. For all HPV-positive samples, the amplicon was cloned into pCR-Blunt vector, and at least ten clones for each sample were randomly picked and sequenced. Sequence comparisons and the interpretation of DNA sequence identities revealed that all HPV-positive clones showed 99-100% homology with the HPV-16 prototype described by Seedorf et al [15] . In addition, two variants of HPV-16 L1 sequences were identified among the 23 sequenced samples. Such variations indicate that the presence of HPV-16 sequences is not due to contamination. We and others have reported that the prevalence of E6 and E7 genes are always higher than L1 gene [3] [4] [5] . Hence, primers for HPV-16 type-specific E6 and E7 were used for PCR amplification. As expected, HPV-16 type-specific E6 and E7 revealed the presence of HPV-16 in 29 (34.5%) cases. Moreover, it should be noted that E6 and E7 are always present together and are always positive in L1 positive samples, resulting in six HPV E6 and E7 positive samples identified without L1 amplification.
HPV-16 and HPV-18 are the predominant types in cancerous lesions accounting for about 74% of all HNSCC worldwide [2] . Using the general primer and HPV-16 type-specific primer in this study, we demonstrated the high prevalence of HPV HPV genome physical status. Besides demonstrating that primers for E6 and E7 gene are more sensitive than consensus primers for the L1 gene, these results also imply the possibility of viral gene integration in LSCC, which causes the loss of the L1 gene while retaining both E6 and E7 genes.
In general, an intact E2 gene is disrupted upon HPV integration, thus distinguishing the episomal form of HPV DNA from the integrated form by detection of an intact E2 gene. To determine the physical status of HPV DNA detected in LSCC, the HPV E2 gene from all 31 HPV DNA-positive LSCC was examined. As shown in Table 2 : of the 29 HPV-16 positive samples, fifteen (51.7%) showed equivalence in gene copy number for the E2 gene and E6 gene indicating a HPV DNA episomal form. Four (13.8%) showed no detectable amplification for the E2 gene indicating the integrated HPV form. The remaining 10 (34.5%) samples contained both the episomal and integrated forms of HPV, which were thus considered to represent mixed forms. In 5 of 6 HPV-18 DNA-positive LSCC no detectable E2 gene was found indicating the presence of integrated HPV-18 with the remaining case being mixed form. The episomal and mixed forms of HPV DNA were the most prevalent physical state for HPV-16, while the integrated form was the most prevalent physical state for HPV-18. The frequencies of DNA integration for HPV-16 and -18 were significantly different in LSCC (p<0.01).
HPV status and tumor clinical/pathological parameters. The association between prevalence of HPV infection and clinical/pathological parameters is shown in Table 3 . No statistical correlation was observed between HPV positivity and age, gender, tumor status, tumor localization, differentiation, tumor stage, lymph node involvement, alcohol, or tobacco use.
Discussion
Epidemiologic and molecular studies have suggested that HPV infection may be associated with LSCC. In a recent comprehensive review, Kreimer reported that the overall prevalence of HPV positivity assessed by PCR was 24.0% [2] . In the reviewed studies, the number of tumors ranged from two to 103, and the HPV prevalence varied from 3.3% to 58.8%. In the present study, HPV DNA was detected in 36.9% of cases of laryngeal carcinoma in a population of 84 patients. This finding is consistent with the average prevalence of HPV positivity found in several studies on a large number of LSCC cases.
Presently, L1 ORF remains the definition of a papillomavirus type. The GP5+/GP6+ primers amplify a shorter region within the region of the L1 ORF [12, 13] .Several consensus PCR primer sets have been developed, including broad-spectrum GP5+/6+, which have been shown to permit adequate detection of the ever-expanding spectrum of HPV genotypes. The uses of these sensitive consensus primer sets, followed by cloning and sequencing of the amplicons, allow for highly effective detection of HPV types. Using this approach, HPV DNA was determined in 27.4% of 84 paraffin embedded tissue samples of LSCC with a genotyping assay showing all of them to be HPV-16. This result is consistent with other reports that HPV-16 is the most frequently detected type, where, among positive samples, approximately 90-100% are positive for HPV-16 [1, [16] [17] [18] . Economically, it is not feasible to identify multiple HPV type infections via our method of analysis, especially considering the large numbers of colonies/inserts employed, but most studies detect multiple type infections, so it is appropriate to include HPV-18, the second most frequent type, for the purposes of this study.
We and others have previously noted that HPV E6 and E7 primers are more sensitive than L1 consensus primers [3/5] , so all samples were analyzed with HPV 16 and 18 type-specific primers. To the best of our knowledge, the current study is the first combining L1 consensus primer and type-specific primers to detect HPV-DNA in a large series of primary LSCC. In most studies, type-specific PCR is used only for HPV typing in positive samples amplified with consensus primers [19, 20] . According to our results, this method inevitably results in an underestimation of the true HPV prevalence. Our data also support the hypothesis that primer choice in part accounts for the variation in reported HPV prevalence in LSCC. HPV-16 and -18 type-specific primers revealed the presence of HPV in 31 cases (36.9%) versus 23 cases (27.4%) by consensus primer. Moreover, it is imperative to note that E6 and E7 are always present at the same time and positive in all L1 positive samples. These data confirm that the presence of HPV type 16 and 18 are highly correlated with LSCC. Although most studies suggested that HPV-16 and -18 are two of the most predominant HPV types in all HPV-related cancers, including LSCC, other oncogenic HPV types may also be involved in the oncogenesis of LSCC [2] , so a slight underestimation of HPV-infected LSCC may be present in this study because we only focused on HPV types 16 and 18.
Studies on the presence of HPV DNA in cervical samples showed that 10% or more of clinical lesions contain at least two different HPV genotypes [22, 23] , and double infections in LSCC have also been reported in a study of head and neck carcinomas [21] . In the present study, we observed co-infection of HPV-16 and -18 in 12.5% (4/32) of the genotyped samples, [19, 24] . It is conceivable that the variable integration levels between the HPV-16 and HPV18 are responsible for viral prevalence and the somewhat different biological behavior in disease progression. It has often been suggested that HPV18 infection is clinically more aggressive in cervical cancer partly due to its high rate of integration [25. However, we cannot draw any such conclusions about integration or the physical state of the HPV genome in our samples, due to the small number of HPV positive cases investigated. Further research to assess the influence of HPV genome integration is therefore needed on a larger cohort of patients.
Although the biological significance awaits further research, the impact on HPV detection based on widely used L1 consensus primers is challenged by our data. In addition to increased sensitivity, the uses of type-specific E6 and/or E7 primers to detect HPV and determine its physical status have two important implications regarding HPV pathogenesis and prognosis. First, molecular evidence has shown that E6 and E7 viral oncogenes are almost always actively expressed in HPV-associated cancers where they interact with the tumor suppressor gene products p53 and pRB pathways, promoting genomic instability and maintenance of the transformed state both in vivo and in vitro [26, 27] . Second, HPV typing may play a potential role in clinical management of LSCC. HPV DNA positive tumors are associated with improved overall patient survival due to a higher sensitivity to chemoradiotherapy and are a significant predictor for disease free survival in a subgroup of head and neck cancers including LSCC [28] [29] [30] [31] . Meanwhile, specific types of HPV show differential risk for the progression to cervical cancer [32] . Thus, accurate assay of the HPV prevalence in LSCC might become the basis of treatment decisions and prognostic indicator of tumor behavior in the future.
The association of HPV prevalence with various clinical/pathological parameters is shown in Table 2 . We found that HPV presence was not significantly associated with age, gender, clinical stage, nodal status, alcohol or tobacco use. Previous studies have similarly reported clinical stage and TNM status not to be associated with HPV presence [16, 21] . Presently, a follow-up study is on-going to observe the length of disease-free interval between HPV positive and negative patients.
One possible limitation of our study design was the inability to examine all HPV types. If such tests became costeffective in the future, it is likely that we could examine as many as possible high-risk HPV types using type-specific primers to identify overall HPV infection. However, high-risk HPV types other than HPV-16 and 18 account for approximately less than 5% of cases in the literature [2, 23] . Another limitation of our study is the intrinsic complexity of HPV integration. It is also possible to extensively map the deletion regions to exclude though integrated, still conserve intact copies E2 gene, which could mask the detection of integration in some samples [34] .
In conclusion, our findings support the emerging consensus that HPV is involved in the etiology of a subset of LSCC and a large proportion of specimens harbor HPV genome in the integrated form. In the future, follow-up studies seem warranted to draw any conclusions between the relationships of the HPV genotype/integration to the main clinical/pathological features in LSCC. Finally, with the availability of efficacious vaccines against HPV types 16 and 18 used to prevent the development of HPV-related diseases of the cervix, it remains to be determined whether these vaccines could similarly prevent an increase in the incidence of LSCC.
